Background
Introduction
Kidney transplant (KTx) is considered the best therapeutic option for patients with chronic kidney disease (CKD), both from a clinical and economic point of view [1] . In terms of preserving long-term graft function and reducing the risk of complications, KTx recipients have to adhere to a lifelong immunosuppressive regimen since non-adherence (NA) is associated with poor clinical and economic outcomes [2, 3, 4, 5] . A transplant consensus conference defined NA to immunosuppressives (IS) as "deviation from the prescribed medication regimen sufficient to adversely influence the regimen's intended effect" [6] . NA is a major driver of graft outcomes. An estimated 15% to 60% of late acute rejections and 5% to 36% of graft losses are associated with NA in KTx patients. Non-adherent patients have a 7 fold increased risk of graft loss [7, 8, 9] .
WHO proposes that NA to treatments is a result of a complex, multidimensional, and multilevel interaction between socioeconomic factors, condition, treatment and patient related factors as well as health care team and health system characteristics [5] . Yet, whereas most of the studies have focused on patient characteristics, socioeconomic conditions and treatment related factors, but health care team, and system related factors are still not well understood [9, 10] . It is increasingly recognized that the lack of variability explained in adherence research is also due to the absence of analyses of the healthcare systems perspective. It is therefore important to use an ecological perspective for studying NA including the different levels of the health care system such as patient, health care provider (micro), healthcare organization (meso) and health care policy (macro) [11, 12] .
Patient-level factors include, for instance, individual characteristics, self-efficacy, and attitudes. Micro-level factors refer to the quality of interpersonal relationships with health care professionals and social support. Meso-level factors encompass the characteristics of the health care organization where the patient is being treated (i.e., regularity of follow up). Macro-level factors refer to the characteristics of the health care system where the patient lives and includes local, state, and national laws and policies related to health such as insurance coverage and regulations on reimbursement for medication [12, 13] .
Understanding risk factors for NA provides a basis for targeting modifiable factors through preventive and restorative interventions [5, 14] . Given the interplay between the different levels of the system, studying multilevel correlates of NA in a specific health care setting is highly relevant [12] .
Brazil is specific case in transplantation, both in volume and in overall health policy framework for transplantation. The number of transplants in Brazil has progressively increased in the last ten years. Although Brazil is ranked 2nd in the absolute number of kidney transplants performed worldwide, the rate of 28.5 kidneys transplants pmp is still far below the country´s requirement [15, 16] . Nevertheless, the assurance of a favorable clinical outcome through high quality clinical management remains a controversial issue [15] . All Brazilian citizens are supported by The Unified Health System (SUS), a public health system that is oriented towards the collective interest. In the field of kidney transplantation, the SUS is supposed to cover outpatient follow-up, laboratory exams, medicines, and hospitalizations, all under specific legislation. The special drugs, such as immunosuppressants, are centrally purchased by the government for further local distribution [17] . Otherwise, the Brazilian health system generally provides a less efficient access to exams and specialist consultations, and these limitations also frequently affect the transplant patients. Although the Brazilian public health system guarantees the delivery of all the prescribed immunosuppressives, this efficiency does not uniformly apply to the other aspects of the treatment. For example, there is often difficulty in scheduling specialist consultations or delay in the prompt availability of laboratory exams as well a suboptimal structural condition of hospitals. As consequence, the portion of the population with less economic limitations often chooses to hire private health insurance to complement their treatment [18] .
Given the inherent challenges of the Brazilian Health Care System in view of transplantation and their potential specific impact on NA levels, and given the limited evidence in the view of the magnitude and risk factors of NA to immunosuppressives in Brazil, this study aims to determine the prevalence of NA to immunossuppresives in a Brazilian KTx population, applying standardized methods and to explore multilevel risk factors of NA.
Materials and Methods
The local Ethics in Research Committee (Comitê de Ética do Hospital Universitário da Universidade Federal de Juiz de Fora) approved this study (approval number-0068/2010).
Design
We conducted a cross sectional study in a single kidney transplant center in Brazil between May to December 2010.
Sample and Setting
We evaluated a convenience sample of 100 KTx patients followed up in the outpatient clinic of the Núcleo Interdisciplinar de Estudos, Pesquisas e Tratamento em Nefrologia of the Federal University of Juiz de Fora, in Brazil. Patients were included if they were at least 18 years old, more than a year post-transplant, and provided written informed consent. Exclusion criterion was retransplant.
Variables and Measurements
We retrieved demographic and specific clinical variables from the medical files.
NA to immunosuppressive drugs. In the absence of a gold standard for the assessment of NA, triangulation of different diagnostic methods is favored [19, 20] . A validation study testing the diagnostic value of a self-report, collateral report and blood assay compared to electronic monitoring demonstrated that a combination of these methods showed the highest sensitivity [21] . We therefore assessed NA to immunosuppressives using self-report, collateral report and assay.
Self-report: We used The Basel Assessment of Adherence Scale for Immunosuppressives (BAASIS), of which the Brazilian Portuguese version was recently validated by our group (reliability Cronbach alpha 0.7) [22] . The four-items of the BAASIS assess the following dimensions of medication NA over the past four weeks: taking adherence (omission of single doses), drug holidays (omission of successive doses), timing adherence (timing deviations of >2 hours), and dose reductions. Responses are given on a six-point scale: never (0), once per month (1), every second week (2), every week (3), more than once per week (4), and every day (5) . NA is defined as any deviation from the dosing schedule [20] .
Collateral report was provided by the nurse and the medical assistant directly responsible for the follow-up care of the KTx recipients. They categorized patients as good, fair, or poor adherers. NA was defined as a fair or poor upon evaluation by one or both clinicians [21] .
Assay: Patients´adherence was also measured trough blood levels of the immunosuppressives drugs. Based on our service's adopted guidelines, which consists of a therapeutic range of 100-150 ng/ml for cyclosporine, 5-10 ng/ml for sirolimus and tacrolimus, blood levels were analyzed in five time points: at the moment of the BAASIS interview and at the four prior outpatient clinic appointments. Patients with blood levels within the therapeutic range used by our center were categorized as adherent and those with levels below the accepted values were considered as non-adherent. The study staff performed clinical evaluations of patients with deviating values before they were categorized as non-adherent. Interpretation was based on the patient's medical conditions as well as their medication blood levels [10] .
Composite adherence score: The findings from the self-report, collateral report, and blood assay were combined to calculate a composite adherence score [18] . Overall NA was defined as a diagnosis of NA as assessed for either one of the three methods [21] .
Correlates of NA. Multilevel correlates of NA included were following. At Patient-level, factors included were Socio-economic factors: age (years and younger than 25 years old), gender, race (self-defined; white or other), highest level of education (primary, secondary, and higher education), employment status (yes or no), marital status (married/steady partner or not), family income (per month, categorized in less than or equal to/more than five reference wages-US$ 1,100.00) [23] , current smoking and alcohol intake (yes or no); Condition-related factors: time on dialysis (months), the treatment modality previous to transplant (peritoneal, hemodialysis), preemptive transplant (yes or no), donor type (deceased, living-related, or living-unrelated donor graft), and post-transplant time (months); and Therapy-related factors: number of prescribed medications and the daily number of dosing times of the immunosuppressives. At the Micro-level, the patients evaluated the quality/satisfaction of their relationship with their health care providers (physician and nurse) by rating these as good, fair, or poor [24] . At the Meso-level, city of origin (same or different from transplant´s center) and access to the center (measured by the distance to transplant center (in miles; if more than 62 miles), were evaluated. At the Macro-level, private health insurance coverage (yes or no) was measured [12] .
Data Collection
All patients attending routine visits between 1 May to 1 December 2010, who fulfilled the study inclusion criteria and did not have the exclusion criterion, were invited to participate in the study. They received written and oral information before signing the written informed consent form. Trained nurse interviewers who were part of transplantation team administered the BAASIS. Both the renal nurse and the physician treating the patient filled out the collateral report form. The blood assay was collected from the medical files. Correlates were assessed by interviewers or were collected from the medical files (Fig 1) .
Statistical Procedures
Baseline characteristics were described as frequencies or as mean ± standard deviation and median/interquartile ranges as appropriate, after checking the level of measurement and distribution of variables using the Kolmogorov-Smirnov and Shapiro-Wilk tests. The T-Test, Chisquare, Mann-Whitney, or Fisher´s tests were used to compare adherent with non-adherent patients according to the assessed correlates.
Multivariate Logistic Regression analysis was performed to assess the association between the variables with NA as the outcome. We only included the variables (family income; distance to transplant center; and private health insurance) with a p value of <0.20 in the univariate analysis in the model. Statistical analysis was performed using the SPSS software v.19.0 (Chicago, IL, USA). A p value <0.05 was considered significant. All collected data is summarized in S1 Appendix.
Results

Sample Characteristics
From a total of 154 patients, 133 were determined to be eligible for the study. We included the first 100 who accepted the invitation to participate (Fig 1) . Given the small sample size, statistical power is expected to be low. If we assume a 0.05 level for type I error, estimated power is 75% for Odds Ratios (OR) > 4 (the effect-size). However, given OR > 3 and assuming a significance level of 10%, statistical power is at least 64%, increasing to 76% if type I error is 20%. Table 1 shows the characteristics of the study participants. Majority of the patients were male (65%), Caucasian (72%), with a mean age of 45 ± 13.5 years. Most received a living donor graft (89%) with a mean post-transplant time of 72.3 ± 42.4 months and a mean creatinine of 1.56 ± 0.56 mg/dL. The majority had finished at least secondary school. Only a third lived in the city of the transplant center, with 37% coming from a neighboring state. Demographic and clinical characteristics (age, sex, time on dialysis, type of donor) of the 21 non-included patients did not differ from the study participants (Fig 1) .
Prevalence of NA
The composite adherence score showed that 51% of patients were non-adherent. Table 2 lists the prevalence per assessment method: self-report (34%), collateral report (48%) assay (7%) and the combination of these three methods.
Multilevel correlates of NA. Table 3 presents the results of the univariate analysis comparing the non-adherent to adherent groups. At patient level, a better family income (i.e., more than five Brazilian reference wages) was the only parameter associated with NA (21.6 vs. 4.1%, p = 0.009). Otherwise, having private insurance coverage was not associated with adherence (35.3 vs. 18.4, p = 0.04). Table 3 .
In multivariate analysis, only having a family income higher than five reference wages was independently associated with NA outcome (OR 5.0,1.01-25.14, p = 0.04). Table 4 . 
Discussion
Based on the triangulation of assessment methods for NA, this cross-sectional study involving Brazilian KTx patients, revealed that 51% of subjects were non-adherent to their immunosuppressive medications. This peculiar population is provided with free immunosuppressants and with a more favorable access to health care after transplantation, especially those patients with only public health insurance before KTx. Our study is one of the few that have assessed the multilevel correlates of NA in transplantation. It is the first, to our knowledge, to study the correlates of NA in Brazilian KTx patients. Through multivariate analyses, we found that patients with higher incomes showed more NA, an unexpected yet reasonable finding from the giftexchange relationship [25] . One hypothesis is that underprivileged patients who are provided with limited care through the public health system before transplantation, experience a double gift after KTx because of the provision of free immunosuppressives and a more structured health assistance program after transplantation. Those already covered by private insurance (i.e. higher income levels) might not perceive the gift as such, resulting in a more careless intake of immunosuppressants. The high level of NA (51%) in our study can only be compared to a few other Brazilians reports [22, 26, 27, 28] . Two of them assessed NA only after graft loss, referring to only the top of the iceberg and therefore not a valuable resource for comparisons [26, 27] . Brahm et al reported a 58.7% prevalence of NA in KTx patients using pharmacy refill records [28] . Our group, in the validation study of the self-report BAASIS, thus applying only one method, found that 34% of patients were non-adherent [22] . None of the reports used combined methods.
Considering the potential consequences, the frequency of NA of our study is somehow worrying. Overall, a median of 22% non-adherent recipients (varying from 1.4 to 66.7%) has been reported in cross-sectional studies [8] . On the other hand, if we only consider self-report as the diagnostic method, our prevalence was higher compared to other studies that describe rates ranging from 12 to 24% [21, 29] . Our NA frequency could also result from the application of a more accurate methodology, the triangulation method. Although it was not fully evaluated, since it was not an objective of our study, the prevalence of NA increased with the use of associated methods of diagnosis.
Based on the methodology of triangulation, applying three measurements tools, a unique study involving KTx patients found a similar percentage (60%) of NA [21] . Compared to our prevalence of 48%, a study by Schmiid-Mohler et al. involving KTx recipients in Switzerland described a lower frequency of 26.4% using a composite score of two methods (BAASIS and collateral report) [30] . Non-adherence definitions by each method BAASIS-self-report; any deviation from taking, timing, reducing or drug holidays dimensions of medication non-adherence.
Collateral report-fair or poor adherence to by health care professionals judgment.
Blood assay-at least one of the last five of immunesuppressive levels below the accepted reference.
doi:10.1371/journal.pone.0138869.t002
However, our rates of NA can still be considered elevated, because immunosuppressive medications are freely provided to transplant patients in Brazil. In other countries with the same health policy of free access to immunosuppressives, the prevalence of NA was lower and varied from 34 to 45%, based on only one method of NA assessment [31, 32] . This finding highlights the complexity of NA behavior and reveals the need for further exploration of the reasons for this high prevalence. We investigated many potential correlates, comprising the four levels of NA based on the Ecological Model. Some classic correlates associated with NA were not detected in our study, such as younger age and male sex) [26, 33] . NA was associated with a higher socioeconomic level, characterized by the additional support provided by private health insurance and a better family income. This subgroup of´privileged people´would theoretically have a lower risk of NA since they have easier access to information and treatment. In contrast to our findings, the behavior is expected in people with a lower socioeconomic profile [34] . One could speculate that the supposed easy availability of the transplant option as a treatment could influence reckless behavior in the care of their kidney graft by that privileged individual.
Our study has some important limitations. First, the convenience sample was relatively small and composed mostly of recipients of living donor grafts from a single center. Although the deceased donors' recipient numbers are not representative of our study, recent substantial evidence favors living kidney allograft as a risk factor for NA in KTx [35] . Consisting of young Caucasian individuals, between 40-45 years who mostly received living grafts, our sample reflects the actual demographic patterns of the Brazilian transplanted population [36] . In a large country like Brazil, future studies representing the Brazilian transplant population will be necessary to determine the actual prevalence of NA. Besides we opted to perform a study involving potential correlates of NA comprising the four levels of ecological framework, additional factors could be studied. We believe individual-related variables such as psychosocial variables (e.g. self-efficacy, self concept, and mental distress) and health system-related patterns (multidisciplinary care, specific skills of health team) should be further dissected. Future research should include larger samples to have more power to study multiple factors of NA, preferably involving several centers. Nevertheless, our results bring relevant epidemiology insights in the absence of previous studies among the Brazilian population, as well a very few studies involving the specific framework of the full immunosuppressant access system. Our results also reinforce the need of research involving the multi levels of health care, mainly at macro level involving the organization of health care policies [37] .
Conclusions
Using appropriate methodology of triangulation, we studied prevalence and correlates of NA immunosuppressives in a population of Brazilian post adult KTx patients, who received fullaccess to immunosuppressives. High levels of NA were found and having a high income was the single variable associated with NA. These findings are unexpected for a population from a developing country, like Brazil, where the underprivileged conditions are more likely to be 
